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In-mold coating compositions, their preparation and use 



(57) An in-mold coating composition for a fiber rein- 
forced plastic comprises an aliphatic resin such as a sat- 
urated aliphatic ester intermediate polyurethane having 
terminal acrylate end groups, a saturated (cyclo)aliphat- 
ic (meth)acrylate such as isobornyl acrylate, a hydroxyl 
alkyl (meth)acrylate, a polyacrylate ester of an alkylene 
polyol, and a vinyl substituted aromatic. The in-mold 



coating compositions have good end use weather-re- 
sistant properties so that there is no need for a subse- 
quent paint coat thereon which heretofore has been re- 
quired. The paint-free coating compositions can be ei- 
ther clear or pigmented and can contain various addi- 
tives such as lubricants, adhesion aids, harderners, and 
the like. 
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Description 

The present invention relates to in-mould coating compositions and their preparation and use. particularly but not 
exclusively tor coating FRP (fibre-reinforced plastics) substrates. 

5 

BACKGROUND 

Heretofore in-mold coatings have been applied to fiber reinforced plastics such as sheet molded coatings to gen- 
erally provide a smooth surface and reduce or eliminate substrate porosity. However, such coatings have required 

io painting to yield desirable end use properties. Typical in-mold coatings as set forth in U.S. Patent No. 4,189,517, and 
U S Patent No 4 222,929. to Shanoski et al., have been the reaction product of an unsaturated fumarate polyester 
diol, a saturated polyester diol flexibilizer, a crosslinking aliphatic polyol having from 3 to 6 hydroxyl groups, a dusocy- 
ana'te and an ethylenically unsaturated crosslinking compound such as styrene. 

In-mold coating compositions, as set forth in U.S. Patent No. 4,331,735, relate to (a) a liquid crosslinkable com- 

is position having an average molecular weight of up to about 5,000, having a plurality of polymerizable ethylene double 
bonds being essentially free of active hydrogen atoms or being essentially free of isocyanate groups, (b) a materia! 
selected from the group consisting of (I) a poly isocyanate and (II) the reaction product of an excess of equivalents of 
a polyisocyanate and an ethylenically unsaturated compound having -NH* - NH- and/or -OH groups, said reaction 
product being free of active hydrogen atoms and (c) an organic free radical peroxide initiator in an amount sufficient 

20 To effect curing of said in-mold coaling composition, said (b) being used in an amount sufficient to secure the adhesion 
of said coating composition to said molded thermoset resin glass fiber composition. 

A large number of in-mold coatings relate to coating compositions comprising at least one polymerizable epoxy- 
based oligomer having at least two acrylate groups thereon, at least one copolymerizable ethylenically unsaturated 
monomer such as styrene, and at least copolymerizable monoethylenically unsaturated compound having a -CO- group 

25 and a -NH 2> -NH- and/or -OH group, as well as a polyvinyl acetate as set forth in U.S. Patent Nos. 4,414,173, and 
4,515,710 to Cobbledick et al. Still another in-mold coating relates to an epoxy-based oligomer having two acrylate 
end groups, and the like, as set forth in U.S. Patent No. 5,084,353 to Cobbledick. 

According to the invention we provide an in-mould coating composition comprising 

30 (a) polyester urethane acrylate; 

(b) aliphatic or cycloaliphatic (moth)acrylato; 

(c) hydroxyalkyl (meth)acrylate; 

(d) vinyl-substituted aromatic monomer, and 

(e) polyacrylate ester of alkylene polyol. 

35 

Preferred categories, properties and proportions of these ingredients are discussed below. 
Other aspects are the preparations of such a composition by blending the ingredients thereof, the use of such a 
composition for in-mould coating and articles/substrates e.g. of FRP. having a cured coating thereof. A particular use 
is as a finish coating i.e substantially without subsequent coating. 
40 Some particular aspects are set out in the claims. In some general aspects the cured in-mold coating compositions 

are made from compounds which include a saturated polyester urethane acrylate containing a saturated aliphatic 
polyester intermediate and a saturated aliphatic urethane group; and a saturated hydroxyl alkyl (meth)acrylate. Addi- 
tionally the use of a diacrylate ester of an alkylene diol, a saturated (cyclo)aliphatic (meth)acrylate, and a vinyl substi- 
tuted aromatic have been found to impart paint coating type properties to the in-mold coating composition such as 
45 hardness water resistance, low shrinkage, and high gloss. Optionally, in addition to the above compounds, occasion- 
ally, crosslinking agents can be utilized such as triallylcyan urate, ethoxylated trimethylolpropane tnaciylate. pentaer- 
ythritol triacrylate, and the like. 

The above components can be reacted, typically in the presence of a peroxide initiator to chain extend and form 
a thermoset resin. The cured resin can be a clear coating composition, or coloured/pigmented. The present invention 
so thus eliminates the additional step, time and cost of applying a painted coating to the surface ol a conventional in-mold 
coating and forms a paint-free FRP end product laminate. If a clear coating is not desired, various pigments, colorants, 
etc are added to the components to yield a desired end color and opacity. 

"in order to achieve the in-mold coating compositions of the present invention which have paint-like properties, 
various compounds and resins are avoided, especially aromatic compounds such as aromatic polyesters and/or pol- 
55 yether urethane intermediates, aromatic epoxy-based resins, and the like. 

An important aspect of the present invention, in order to achieve good paint-like properties and a clear color of the 
in-mold coating composition, is the utilization of a polyester intermediate urethane which contains acrylate groups, 
generally at the terminal portions of the polymer, and saturated aliphatic polyester moieties. A suitable urethane may 
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~\ t ^*\\r dicarboxvlic acids or aliphatic anhydrides 
h M follows A polyester intermediate can be made from aliphaUc ^«™Si thereof, and are commercially 

, k.„o n unsaturated carbon to carbon double Donosi »" ' .^cicaeid. the anhydnde counterparts 

^^■^^.•^^^^•""^S^^^m. above acids can be utilized as 
acid. succ •«•»»■■ a generally being prelerred. Mixtures or any examples including 

LT^^o'dlSe «-» ha »' "° m2i ° V 5 7??2E£3£^£5? S haxane dial, cyclohexaned- 

:^.%to..P^e^^ 

,0 a™. 5 0M. and das,rab W trcra acorn ^ 
l^d oTester urethane containingan actylate or methacryla ^9»?«J« bQn a . oms> such as ethyl, propyl, n-buiyl. 

Sd'upon th" toS weight of the polyester urethane acrytetes. ^ acrylate and form a therrnoset 

Various compounds or components are utilized to react '* . th a|iphatic and/or cycloal.phat c 

,,«in One such component is an aliphatic or cycloa hphabc (^JJjg^ J£ atoms and deS irab.y from about 2 to 
^ ?S oreferSly saturated, typically containing from 1 to about 50 «rbon a , etran drofurfuiy , methacrylate. iso- 
ES 2 Tcamon atoms. Representative examples include * ^ lauryl me thacry.ate. 

^{^TKSS-* - - peeler -.bane acryfc.e. 
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Still another component is a polyacrylate such as a triacry late or preferably a diacrylate ester of an alkylene polyol. 
The polyol residue preferably has from about 2 to about 30 carbon atoms, more preferably C 2 . 10 - Jt is usually of a diol, 
such as ethylene diol, butane diol, or a triol. An acrylate which is contained on both ends of the alkylene polyol is 
generally derived from acrylic acid or methacrylic acid. Examples of the preferred diacrylate ester of an alkylene diol 

5 include triethyiene glycol dimethacrylate, ethylene glycol dimethacrylate, tetraethylene glycol dimethacrylate, polyeth- 
ylene glycol dimethacrylate, 1,3 butylene glycol diacrylate, 1 ,4-butanediol diacrylate, 1,4-butanediol dimethacrylate, 
diethylene glycol diacrylate, diethylene glycol dimethacrylate, 1 ,6 hexanediol diacrylate, 1 ,6 hexanediol dimethacrylate, 
neopentyl glycol diacrylate, neopentyl glycol dimethyacrylate, polyethylene glycol (600) dimethacrylate, polyethylene 
glycol (200) diacrylate, tetraethylene glycol diacrylate. triethyiene glycol diacrylate, 1 ,3 butylene glycol dimethacrylate, 

io tripropylene glycol diacrylate, polyethylene glycol (400) diacrylate, polyethylene gylcol (400) dimethacrylate, polyeth- 
ylene glycol (600) diacrylate, propoxylated neopentyl glycol diacrylate, and alkoxylated aliphatic diacrylate. Examples 
of trifunctional acrylate esters of an alkylene polyol which can be optionally utilized include tris(2-hydroxy ethyl) isocy- 
anurate trimethacrylate, trimethylolpropane trimethacrylate, trimethylolpropane triacry late, tris(2-hydroxy ethyl) isocy- 
anurate triacrylate, tris(2-hydroxy ethyl) isocyanurate triacrylate, ethoxylated trimethylolpropane triacrylate, pentaer- 

is ythritol triacrylate, propoxylated trimethylolpropane triacrylate, and propoxylated glyceryl triacrylate. The amount of the 
polyacrylate ester of the alkylene polyol is usually from about 10 to about 40 parts by weight, desirably from about 15 
to about 35 parts by weight, and preferably from about 20 to about 30 parts by weight tor every 100 parts by weight of 
the polyester urethane acrylate. The amount of the optional triacrylate ester of the alkylene polyol is low and usually 
is less than 1 0 parts by weight and preferably less than 5 parts by weight for every 1 00 parts by weight of the polyester 

20 urethane acrylate. 

The above five components can combine to form the resin of the in-mold coaling composition. 
The initially clear coating can be colored by utilizing a pigment, a colorant, etc., in a desired or effective amount 
to yield a desired color, tint, hue, or opacity Pigments and pigment dispersions are well known to the art and include, 
for example, titanium dioxide, carbon black, phthalocyanino bluo, phthalocyanino rod, chromium and forric oxidos, and 

25 the like. 

The in-mold coating compositions may contain additives and fillers whose nature and quantities may be conven- 
tional Thus, various cure inhibitors such as benzoquinone, hydroquinone, methoxyhydroquinone, p-t-butylcatechol, 
and the like, can be utilized. Another additive is an accelerator such as cobalt octoate. Other classes of accelerators 
include zinc, or other metal carboxylates. Various light stabilizers can be utilized such as, for example, the various 

30 hindered amines (HALS), substituted benzophenones, and substituted benztriazoles, and the like. Lubricants and mold 
release agents are generally utilized with specific examples including various metal stearates. such as zinc stearate 
or calcium stearate or phosphonic acid esters. Reinforcing fillers such as talc can be utilized. Talc has also been found 
to help promote adhesion of the in-mold coating composition to the fiber reinforced plastic substrate. Another additive 
is a hardener and thixotrope such as silica. The polyester urethane acrylate and the other curing monomers or com- 

35 ponents of the present composition may be chain extended, typically by utilization of a free radical initiator such as a 
peroxide. Examples of suitable free radical initiators include tertiary butyl perbenzoate, tertiary butyl-peroctoate in 
dialiyl phthalate, diacetyl peroxide in dimethyl phthaiate, dibenzoyl peroxide, di(p-chlorobenzoyl) peroxide in dibutyl 
phthalate, di(2,4-dichlorobenzoyl) peroxide in dibutyl phthalate dilauroyl peroxide, methyl ethyl ketone peroxide, cy- 
clohexanone peroxide in dibutyl phthalate, 3,5-dihydroxy-3,4-dimethyl-1,2-dioxacyclopentane, t-butylperoxy(2-ethyl 

40 hexanoate), capryiyl peroxide, 2,5-dimethyl-2,5-di(benzoyl peroxy) hexane, 1 -hydroxy cyclohexyi hydroperoxide-1 , t- 
butyl peroxy (2-ethyl butyrate), 2,5-dimethyl-2,5-bis(t-butyl peroxy) hexane, cumylhydroperoxide, diacetyl peroxide, t- 
butyl hydroperoxide, ditertiary butyl peroxide, as-dihydroxy^.S-dimethyl-l^-oxacyclopentane, and 1,1-bis(t-butylp- 
eroxy)-3,3,5-trimethyl cyclohexane and the like, and mixtures thereof. It is desirable sometimes to use mixtures of 
initiators' to take advantage of their different decomposition rates and times at different temperatures and so forth. A 

45 preferred initiator to use is tertiary butyl perbenzoate. The peroxide initiator should be used in an amount sufficient to 
overcome the effect of the inhibitor and to cause curing of the ethylenically unsaturated compounds. Usually the per- 
oxide initiator is used in an amount of up to about 5% or from about 0.25 to about 5%, desirably from about 1 to about 
4 percent, and preferably from about 1 to about 2% by weight based on the total weight of all of the ethylenically 
unsaturated components employed in the in-mold coating compositions. The reaction of the polyester urethane acrylate 

50 with the curing components in the presence of the peroxide initiator is generally at a temperature of from about 200°F 
(93°C) to about 330°F (165°C), and desirably from about 270°F (132°C) to about 310°F (154°C). 

An in-mold coating composition may conveniently be prepared as follows. The polyester urethane acrylate is mixed 
with the vinyl substituted aromatic monomers such as styrene, the saturated aliphatic or cycloaliphatic (meth)acrylates 
such as isobornyl acrylate, and the hydroxylalkyl methacrylate such as hydroxypropyl methacrylate. After these com- 

ss pounds are mixed, any above-noted fillers and additives such as cure inhibitors, light stabilizers, lubricants, are added 
and mixed. The free radical peroxide initiator is added last. The polyacrylate ester of a polyol can be present in the 
polyester urethane acrylate from the supplier. When an in-mold coating having a specific color is desired, one or more 
pigments, colorants, etc., can be utilized in suitable amounts. As known to the art, often times various pigments or 
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counts are added with a carrier, for 

suitable mixing vesse. can be ut.laed. and I the vanous comp^ents m dear When d P esiredi the mixed 

ed. Even if pigments are not contained .n the ^^^^^^^ as by injection molding with 
ingredients are coated onto a fiber reinforced plast ' ^^JjSSE^ wi „ vary depending upon the 

the in-moid coating -^f^^ from abo^t 200 to about 330>F 

particular curative or peroxide utilized. Suitable cure »mpera a r compound becomes clear. Tradi- 
°(rom about 93 to about 1WC). Upon cure or chain extens'on th e ^^^SSdcdbr to an underlying sub- 
ionally. clarity can be measured by a subjective eye , tea t. that s the , la ^ajmpa « spoclropno tometer. both 
strata. Clarity can also ^^^tlZ"^ ^Sained ^h a DaSotor Spectraflash® SF 600® color 
before and after coating. The data presented available from Datacolor .nterna- . 

spectrophotometer equ.pped with Datamatch 600 J° r ^le I stows that the brightness (L*) and color (a* 

case -rr^ 

good ultraviolet resistance. The cured thermoset ^^J^?JEJ^^ also be affected by the surface 
high 60 degree g.oss values of at least 70 and £ resuIl in an infold coating 

and condition of the tooling used to mold P 3 "^*^^ 
which has a finished surface since . has good we^ 

which heretofore has been required .snot needed That. J™" 9 substantially free of any subsequent 

preferably is totally free thereof. utilized on anv surface of a fiber reinforced plastic 

The in-mold coating compositions are usually fl «*'» ^^^^^T^ wnicn are g enera .ly thermosets. 
substrate which can be a thermoplastic or a thence on ^^^^^ or is" infold coating 

35 coat composition. 

Mhrin q Procedure: 
Recipe A 

Thepolyesterurethane^ 
acry.ateintheindic,atedamountwe^addedto^ ^ uv absorber( 

for organic resin solut.ons. The ^^".^■J^.*^*^^™^ above, and again mixed thoroughly to 
end zinc and calcium stearates were^hed,rto HT^^XJ ^were then weighed into the container with the 
dissolve the organics and disperse the «»««•• J^^'^J'J JJe mixing occurred without external heating, 
organics and stearates.and mixed thorou^ 

psi of pressure. 
55 Recipe B 

Same as Recipe A, with the exception of the addition and mixing of the white pigment dispersion following the 
dispersion of the talc and silica, prior to the addition of the peroxide initiator. 
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Preparation 
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of in-mold coated FRP panels was the same as tor Recipe A. 



Recipe C 



~ ^^SSSSSSSSSOff^ * 
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| BP«PE A CLEAR-COAT 




PARTS BY WT. 


_ ■ 

Polvester urethane acryiaie 


100.0 


Diacrylic ester of hexane Diol 


25.0 


Styrene 


42 1 


Isobornyl acrytate 


66 _n 


Hvdroxypropyl melhacrylate 


10.1 


Hydroquinone 


0.23 


12% Cobalt octoate in mineral oil 


0.29 


Hindered amine light stabilizer 


„ 


UV absorber 


3.4 


Zinc stoarate 


5.5 


Calcium stearate 


1.8 


Talc 


11.4 


Silica 


6.8 


Tertiary butyl perbenzoate 


3.61 J 



Polyest er urethane acrylate 
Diacrylic est er of hexane diol 
Styrene 

Isoborny l acrylate 
Hvdroxyprop yl methacrytate 
Hydroqui none 

12% Cobalt oct oate in mineral oil 
Hindered am ine light stabilizer 
UV ab sorber 
Zinc stearate 
Calcium stearate 
Talc 

Silica — ■ 

-fttanium dioxide pigment dispersion (30 wt% in unsaturated polyester) 

Tertiary butyl perbenzoate 



PARTS BY WT. 

100.0 
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Tables 2 through 6. 

TABLE 1 



35 



40 



45 



SO 



CIE L* a *b* Color Space D65 lllumim 


ant, 10° O 


bserver 


SUBSTRATE 


L* 


a* 




White uncoated 


65.6 


-0.66 


3.03 


White coated (Recipe A) 


82.7 


-1.12 


5.56 


Grey uncoated 


64.9 


-0.03 


-0.98 


Grey coated (Recipe A) 


55.4 


-0.39 


1.02 


Black uncoated 


26.2 


0.18 


-0.76 


Black coated (Recipe A) 


25.7 


0.17 


-0.53 



As noted above, very litt.e co.or change oocurs uti.izing the dear coating of the present invention. 



55 



TABLE 2 






INITIAL COATING 


PROPERTIES 


RECIPE B 


RECIPE C 


Pencil hardness __ - 


RECIPE A | 
H 


H 


H 


Tape adhesion (GM9071P) 


100% I 


100% 


100% 


Cross-hatch tape adhesion (Ford Bl 106-1) 


0 


0 


0 


Chip resistance (GM9506P) 


8 


8 


r~ 8-9 

I » 


60° Gloss 


78 


81 
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TABLE 3 


I COATING PROPERTIES AFTER 96 HR HUMIDITY EXPOSU 


RE (GM4388M 


1, GM4465P) 1 




RECIPE A 


RECIPE B 


RECIPE C 


Pencil hardness 


H 


H 


F-H 


Tape adhesion (GM9071 P) ^ 


100% 


100% 


100% 


Cross-hatch tape adhesion (Ford Bl 106-1) 


0 


0 




Chip resistance (GM9506P) 


8 


8 


i - I 


60° Gloss 


72 


79 





TABLE 4 



COATING PROPERTIES AFTER 10 DAY WATER IMMERSION (FORD ESB-M2P124-A1) 




RECIPE A 


RECIPE B 


RECIPE C 


Pencil hardness 


F-H 


H 


HB-F 


Tape adhesion (GM9071 P) ^ 


100% 


100% 


100% 


Cross-hatch tape Adhesion (Ford Bl 106-1) 


0 


0 


0 


Chip resistance (GM9506P) 


8 


8 


8-9 


60° Gloss 


77 


68 


76 


TABLE 5 



COATING 60° GLOSS AFTER ACCELERATED WEATHERING (SAE J1960) 



Initial 



500 hours 



1 ,000 hours 



2,000 hours 



RECIPE A 



78 



76 



72 



58 



RECIPE B 



81 



86 
55 



43 



RECIPE 

76 



1960) | 



75 



70 



50 



TABLE 6 



COATING PROPERTIES AFTER SIX (6) MONTH SOUTH FLORIDA EXPOSURE (5* SOUTH/BLACK BOX 



60° Gloss - 


RECIPE A 

79 


RECIPE B 

77 


RECIPE C 

76 


Initial' Cross-hatch tape adhesion (GM9071P;A) 


100% 


100% 


100% 


Initial: Cross-hatch tape adhesion (GM9071P;B) 


100% 


100% 


100% 


After 96-hour humidity exposure: Cross-hatch tape adhesion 
(GM9071P;A) 


100% 


100% 


Y 100% 


After 96-hour humidity exposure: Cross-hatch tape adhesion 
(GM9071P;B) 


99% 


97% 


100% 



As apparent from the tables, the in-mold coating compositions of the present invention vtfjen cured had ^good 
orooerties such as pencil hardness, adhesion, weatherability, and the like. The composfons of the present .nvenfon 
aS ? had gfoss retention generally of at least 50%. 60%. 70%. 75%. or 80% of initial gloss. general* for at least 
1 ,000 hours, and preferably even in an excess of 2,000 hours. 
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* ^ mnar «H with a white gel coat, which was a commercialized gel coat 
Example B of the present invent.on was comparec ««*J^I£ | e e| CQat materia , s are commercially avail- 
sold by a leading manufacturer to compos g^^S^SUl.) Kansas City. Missouri; Neste of Fort 
able from many manufacturers '"clud.ng CCP &™™ m ^ are t * cally used in the composite industry as an 
Smith, Arkansas: and Lilly lndustr.es of E khart. 0 V pen) mo , din g. As such, gel coats are 

appearance layer on a fiber reinforced t^^X^S^^^^ the in-mo.d coating composition of 

at 500 hours of the control white gel coat. 
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Claims 

1 . An in-mold coating composition, comprising; 



3. 



so 



SS^rc^SSS^ v, h .,e,n sale a«P*a* - said 9 roup is sa,„,a,s<> 

saturated aliphatic polyester urethane acrylate. 

==»5H-~55- 

An in-mo.d coating composKion according to Claim 3. wherein the number average molecular weight of sad (a) 
Saturated polyester portion is from about 1 .000 to about 5.000. 

wherein said <b) saturated a.iphatic or cyc.oa.iphatic (mediate is isoborny. acrylate and wherein the 

weight. 

55 (meth)acrylate, 

wherein said (c) hydroxyalkyl (meth)acrylate is hydroxypropyl methactylate. 
wherein said (d) vinyl substituted aromatic is styrene, and 
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wherein said (e) polyacrylate ester of an alkylene polyol is a diacrylic ester of hexanediol. 

6. An in-mold coating composition according to Claim 1. wherein said composition is reacted utilizing a peroxide 
initiator. 

rated components employed in the in-mold coating composition. 
8. A cured, in-mold coating composition, comprising; 

Tat ISSSSSSSto polyester urethane acrylate. said polyester portion derived from at least a saturated 



initiator. 



3 A cured in-mold coating composition according to Claim 8, wherein the amount of said (b) ">£*2*5*£ 
^cShatMrnet^ac^late is from about 20 to about 100 parts by weight for every 100 parts by we.ght of sa,d 
(a) saturated aliphatic polyester urethane acrylate, 

wherein the amount of said (c) hydroxya.ky. (meth)acrylate is from about 2 parts to about 20 parts by weight 
for -«Lrv 100 oarts bv weight of said (a) saturated aliphatic polyester urethane acrylate. and 

mo carts bv weiqht of said (a) saturated aliphatic polyester urethane acrylate. _ 
reShe^ount of said (e) pofyacrytate ester of an a.ky.ene polyo. is from 10 to 40 parts by weight for 
every 100 parts by weight of said (a) saturated aliphatic polyester urethane acrylate. 

10 A cured in-mold coating composition according to Claim 9. wherein said (a) saturated carboxylic acid ™™W r "° 
tes fSn 1 to 15 carbon atoms, wherein said (a) saturated dio. contains from 2 to 15 carbon atoms. where,n sa,d 
l^a) sat^aled polyisocyanate inc.udes a diisocyanate containing from 5 to 18 carbon atoms. 

wherein said (b) saturated aliphatic or cycloaliphatic (meth)acrylate has from 2 to 20 carbon atoms, 
herein Sdilky, group of said (c) hydroxylalkyl (meth)acry,ate has from 1 to 5 carbon atoms, and 
wherein said (e) alkylene group of said polyol has from 2 to 10 carbon atoms. 

and hydroxyethyl (meth)acrylate. 

wherein said (b) saturated aliphatic or cycloaliphatic (meth)acry 1 ate is isobornyl acrylate and wherein the 

=n^h^ 

SSS si! d W S PoSryate ester of an a.ky.ene polyo, is a dfccry.ic ester of hexane dio, and wherein the 
amount thereof is from about 15 to about 35 parts by weight. 

12. A cured. in-mo,d coating composition according to Claim 8, adhered to a fiber reinforced plastic substrate. 

1 3. A cured. in-mo,d coating composition according to Claim 11 . adhered to a fiber reinforced plastic substrate. 

1 4. A cured, in-mold coating composition according to Claim 1 2. wherein said in-mold coating composition is substan- 
tially free of any other layer thereon. 
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15 A cured, in-mold coating composition according to Claim 13. wherein said in-mold coating composition has less 
than 3 grams per sq. ft. of any layer thereon. 

16 A cured in-mold coating composition according to Claim 12. wherein said coating composition has a 60 degree 
gtoss retention of at least 75°/oOt its original value according to SAE J1960 alter 1.000 hours. 

17 . Aprocessformoldinganin-moldc^ 

thereon of a predetermined thickness, comprising; 

molding said substrate between separable dies which coact in a first fully<losed position to define a mold 
cavity corresponding in size and shape to the substrate; 

S 3 P-edetelned thickness and tp dispute said Netted materia. sudstamially unitdrmiy tnroughdW 
seoaration of said dies without disruption of the coating thus formed; and 

completely separating said dies and removing said coated substrate from said cavity; eatlirfltad 
mTimpSement comprising an in-mo.d composition which includes the reaction product of |a)aM 
afeSc poster ureihane acrylate. said polyester portion derived from at least a sa 
o an anhydride thereof and a saturated diol, (b) an aliphatic or cycloaliphatic : <meth)acry.ate, (c) a **>^*> 
°me^a cnylate. (d) a vinyl substituted aromatic having a total of from 8 to 12 carbon atoms, and e) a t polyacr 
Ze llxZof an aikylene polyol wherein said a.kylene group has from 2 to 12 carbon atoms. ,n the presence 
of a peroxide initiator so that a cured in-mold coating composition .s produced. 

1 8 A orocess for molding an in-mold coating composition according to Claim 17. wherein said (a) saturated carboxyHc 
»Hd^r anhvdride has from 1 to 15 carbon atoms, wherein said (a) saturated diol contarns frorn 2 to 15 carbon 
atom" ZTJn^"aPLe6 polyisocyanate includes a diisocyanate containing from 5 to 18 carbon atoms. 

wherein said (b) aliphatic or cycloaliphatic (meth)acrylate is saturated and has from 2 to 20 carbon atoms. 
Serein said alky, group of said (c) hydroxylalky. (meth)acrylate has from 1 to 5 carbon atoms, and 
wherein said (e) aikylene group of said polyol has from 2 to 1 0 carbon atoms. 

19 A orocess for molding an in-mold coating composition according to Claim 18. wherein the amount of said (b) 
L P uSed al^hSic or cycloaliphatic (meth)acrylate is from about 20 to about 100 parts by we.ght for every 100 
parts by weight of said a saturated aliphatic polyester urethane acrylate. 

wherein the amount of said (c) hydroxya.kyl (meth)acry.ate is from about 2 parts to about 20 parts by weight 
w 0 w«rv 1 00 oarts bv weiqht of said (a) saturated aliphatic polyester urethane acrylate. and 
where^t^ 

1 oo oarts bv weiqht of said (a) saturated aliphatic polyester urethane acrylate. a™> 

reSn me amount of said (e) polyacryfcte ester of an aikylene polyol is from 10 to 40 parts by we.ght for 
every 100 parts by weight of said (a) saturated aliphatic polyester urethane acrylate. 

anate, and hydroxyethyl (meth)acrylate, 

wherein said (c) hydroxyalkyl (mcth)acrylatc is hydroxypropyl mothacrylatc, 
wherein said (d) vinyl substituted aromatic is styrene, and 

wherein said (e) polyacrylate ester of an aikylene polyol is a diacrytic ester of hexane diol. 
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